Objective This study was initiated to investigate if spousal concordance in metabolic syndrome (MS) components exist in Japan. Methods In all, 756 couples (mean age: 48.9 and 47.3 years for husbands and wives, respectively) were identified. Each subject was classified as an MS, MS reserves (MSRES) or no risk of MS (NonMS) case after Japanese Ministry of Health, Labour and Welfare (JMHLW) criteria. Criteria of the National Cholesterol Education Program and of the Joint Interim Statement were also applied. Results With Japanese Ministry of Health, Labor and Welfare (JMHLW) criteria, MS, MSRES and NonMS cases accounted for 11.9, 14.7 and 73.4 % in husbands and 1.6, 3.7 and 94.7 % in wives. Waist circumference (WC), body mass index (BMI), systolic blood pressure (SBP) and hemoglobin A1c (HbA1c) showed significant correlation (p \ 0.01). Correlation was also significant (p \ 0.05) for mean blood pressure (MBP) and fasting plasma glucose (FPG). When adjusted for age, correlations were significant only for WC, BMI and HbA1c. Furthermore, none of the correlation coefficients were greater than 0.2. Logistic regression analyses did not suggest significant mutual influence in MS status between the couples.
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Introduction
Based on the concept that metabolic syndrome (MS) is a common etiology of various age-related and lifestylerelated diseases such as hypertension, and dysfunction in glucose and lipid metabolism [1] [2] [3] [4] , Japanese Ministry of Health, Labour and Welfare (JMHLW) launched an antimetabolic syndrome campaign in 2007 [5] .
In practice, the Ministry [5] [6] [7] stipulates that health insurance organizations carry out a designated health examination (i.e., health examination designed for early detection of MS) followed by designated health guidance (as a tool of intervention), not only to the employees as the insured (at the ages of 40 years and above), but also to their family members, especially housewives. However, the prevalence rates of the examination were not high, being at the level of 43.2 % for those at 40-74 years (48.5 and 38.1 % for men and women, respectively) [8] .
Rather exceptionally, examination data for wives in addition to data for husbands have been accumulating in Kyoto Industrial Health Association, probably as a reflection of continuous efforts since 1975 to encourage housewives to have health examinations annually [9] . The encouragement is based on the understanding that the health of a wife is an important basis for the health of all family members, including her husband, who is the employee and the insured [9] .
Taking advantage of the compilation of data on MS for both husbands and wives, the present study was initiated to investigate if concordance in MS components would be detected between couples, and such being the case, the power of the correlation.
Spousal concordance or within-pair correlation in health issues such as MS and its components has been discussed in recent years in various populations (e.g., Canadians [10] , Chinese [11] , Koreans [12, 13] and Swedes [14] ). However, this issue has been seldom discussed in Japan, possibly because data paired for husbands and wives are generally not available.
Subjects and methods
Subjects studied
The study was conducted in the fiscal years 2010-2012 in a large electronics device-manufacturing plant with nearly 1,800 male employees. The working men (all full-time regular employees) had the designated health examination [5] [6] [7] in the Kyoto Industrial Health Association. Subjects were selected by ages of 40-65 years. The men to women ratios (100:30-40) of subjects who had health examination in Kyoto Industrial Health Association have been reported annually [15] . As most of female examinees were housewives of male examinees, it was possible to estimate from the men to women ratio that about 30-40 % of their wives had the designated health examination (as employees' family members), also in the Kyoto Industrial Health Association.
Taking advantage of the data on the health insurance certificates, a man and a woman were considered to be a couple when they had the same insurance code and identification number. In practice, 756 couples were identified after exclusion of 91 cases with incomplete health examination data (e.g., either fasting plasma glucose [FPG] or Hemoglobin A1c [HbA1c] data were missing). It should be noted that the Japanese Ministry of Health, Labor and Welfare (JMHLW)'s MS criteria [6, 7] will be satisfied by either FPG or HbA1c (priority given to FPG) and do not request both parameters.
Ethical issues
Each participant agreed to join this study and permitted in written form the use of information on their health insurance certificates for identification of the couple (as detailed above). The study protocol was approved by the Ethics Committee of Kyoto Industrial Health Association.
Classification of subjects in terms of metabolic syndrome (MS) Each individual was classified into three groups of those with MS (the MS), the MS reserves, or those with MS risks (the MSRES) and those with no current MS risk (the NonMS), after the examination system defined by JMHLW [6, 7] as summarized in Table 1 .
In some cases, the subjects were also classified after the National Cholesterol Education Program (NCEP) criteria [2] (as modified for Asians [16] ) and the Joint Interim Statement (JIS) criteria [17] . The waist circumference (WC) criterion is set at C 102 cm for men and C 88 cm for women in the original NCEP criteria and left unspecified in the JIS setting, so that WC can be set subject to the population to be applied. In the present analysis, however, the criteria of C 90 cm for men and C 80 cm for women, suggested for Asians in general [16] , were employed in application of the JIS criteria for closer comparison with the results in other reports on East Asian populations.
Statistical evaluation
With regard to clinical parameters, a normal distribution was assumed for all except triglyceride (TG), for which a log-normal distribution was considered. With respect to the evaluation of correlation coefficients (r), it is known that t = r 9 [(n -2)/(1 -r
2 )] 1/2 , where t = 2.576 and 1.980 for p = 0.01 and 0.05, respectively, when n (the number of cases) is large. In the present study with n = 756 as stated above, the equation gives r = 0.093 and 0.071 for p = 0.01 and 0.05, respectively.
Results
Demographic data for the population studied
The basic demographic data of the husbands and wives are summarized in Table 2 . The arithmetic means (AM) of ages were 48.9 years for husbands and 47.3 years for Subjects under medication for hyperlipidemia, hyperglycemia or hypertension are taken as if they meet the corresponding criteria a Reference [6] b Reference [2] c Reference [17] d Waist circumference of C 85 cm for men and C 90 cm for women is an essential criterion e Either triglyceride or HDL-cholesterol f HbA1c C 6.0 % (National Glycohemoglobin Standardization Program) in case FPG is not available [7] g ? or -means 'and more' or 'and less', respectively, e.g., 2
? indicates two or more h Three items in the 2nd step wives: the mean difference in age was 1.6 years, and a close correlation was detected between the ages of husbands and the ages of wives (r = 0.98, p \ 0.01). A majority of wives were non-drinkers (60.4 %) and nonsmokers (96.6 %), whereas husbands showed lower nondrinking (26.1 %) and non-smoking rates (68.9 %). With regard to waist circumference (WC), the average (range in parenthesis) was 82.9 cm (63.0-119.0 cm) for husbands and 77.2 cm (61.0-117.5 cm) for wives.
Distribution of MS, MSRES and NonMS cases by gender and by couple
When individuals were classified in terms of MS using JMHLW criteria [6, 7] , it became clear that about 12 % of the husbands had MS, whereas the prevalence of MS was as low as 1.6 % for wives ( Table 3) . As a result, the couples in which both husbands and wives were in the MS group counted for only two cases or 0.3 % of the 756 couples examined. The number of cases in which both husbands and wives were in the group of MS or MSRES (i.e., both having the MS risk as either MS or MSRES) was 15 (2.0 %; the number at the cross of the MS ? MSRES line and the MS ? MSRES column in the section for JMHLW in Table 3 ).
In further trials, two other criteria systems (Table 1 ) of the NCEP [2] and JIS [17] were applied (see right half of Table 3 ). It should be noted that, different from the JMHLW system, these criteria classified subjects into dichotomous groups of MS and NonMS, with no MSRES group ( Table 1) . The JIS system allocated more husbands (see corresponding columns in Table 3 ; 13.8 %), and both the NCEP and JIS systems allocated more wives (corresponding lines; 3.2 and 3.7 %, respectively) into MS groups than the JMHLW system (i.e., 11.9 and 1.6 % for husbands and wives). As a result, the rate for the couples (in which both husbands and wives were in the MS group) also increased; to 0.7 % in the NCEP system and to 0.9 % in the JIS system (Table 3) .
Significant difference in clinical parameters among the MS and MSRES groups as compared with the NonMS group After classification into the MS, MSRES and NonMS groups using the JMHLW system, the distributions of the clinical parameters in the three groups were compared. The results are presented in terms of AM and arithmetic standard deviation (ASD) in Table 4 , together with statistical significance of the difference among the groups. TG was distributed log-normally, and geometric mean (GM) and geometric standard deviation (GSD) were given in place of AM and ASD in Table 4 . The statistical evaluation was conducted after logarithmic conversion.
The comparison in husbands showed that, in almost all parameters, AM values (GM in case of TG) for MS and MSRES groups were significantly (p \ 0.01 or p \ 0.05) higher (lower in case of HDL-cholesterol) than corresponding values for the NonMS group. The trends were also similar for wives, although the differences of the MS group from the MSRES group were statistically insignificant (Table 4) . JMHLW for reference [6] , NCEP for reference [2] and JIS for reference [17] MS, metabolic syndrome group; MSRES, MS reserve group; NonMS, non-metabolic syndrome group Table 5 ).
It should be noted that r values were generally small (i.e., \ 0.2). Statistical significance despite these small r values may be due to the large number of cases (n = 756), as described in details in the ''Statistical evaluation'' section in the ''Subjects and methods''.
Further correlation analyses with adjustment for age were conducted taking three variables [i.e., each MS component (and related item) for husbands, that for wives, and the mean age of a husband and his wife]. The husband-wife partial correlation coefficients are shown in the right most column in Table 5 . Different from corresponding correlation coefficients (in the middle of Table 5 ), the partial correlation coefficients were no longer significant for SBP, MBP and FPG, although the coefficients remained significant for WC, BMI and HbA1c. Simple regression analyses with age (separately for husbands and for wives) showed that a close correlation existed for SBP, MBP and FPG with age (p \ 0.01 for all of three items both in husbands and wives). There was a close and significant correlation between the ages of couples (r = 0.979; p \ 0.01). Therefore, it appeared prudent to consider that, as these three items (i.e., SBP, MBP and FPG) correlated with To examine possible increase in MS risk in association with an MS spouse, logistic regression analyses were conducted in which MS status of husbands was taken as the dependent variable and their ages and the MS status of wives (as scored) were taken as independent variables; i.e., the MS status of wives were given scores of 3, 2, and 1 for MS, MSRES, and NonMS when the JMHLW criteria was applied, and scores of 2 and 1 for MS and NonMS for the other two criteria. The analyses were also repeated with the MS status of husbands.
The results are summarized in Table 6 . The odds ratios were all greater than 1, and application of NCEP and JIS criteria tended to give greater odds ratios (1.52-1.62) than application of JMHLW criteria (1.10-1.26). Nevertheless, the 95 % lower limits of confidence intervals were all smaller than 1.0. Correspondingly, p values were [ 0.1 in all cases. The observation suggested that the MS status of husbands was not significantly influenced by the MS status of their wives, and the reverse was also the case.
Discussion
The present study revealed a statistically significant, yet weak and modest, husband-wife correlation in several MS components. Familial aggregation of MS has been a focus of studies in various populations [10] [11] [12] [13] [14] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . The subjects studied in families included parents (i.e., couples), children and relatives. Among the study subjects, spousal concordance in MS-related items [10-14, 18, 23, 25, 26] is of particular interest, and BMI has been the item most commonly studied. Thus, Katzmarzyk et al. [10] , Wu et al. [11] and Jacobson et al. [14] observed correlation coefficients of 0.14 for 1,341 couples in Canada, 0.11 for 431 Chinese couples, and 0.18 for 8,663 couples in Sweden, respectively. Lee et al. [18] observed that BMI showed the highest spousal correlation (0.34) among 303 couples in Korea, followed by SBP (0.18) and HDL-C (0.17). Jee et al. [12] , however, obtained a substantially low correlation coefficient of 0.06 (followed by 0.06 for DBP and 0.05 for SBP) for 2,269 couples also in Korea. In a nationwide survey on 3,141 couples in the same country, Kim et al. [13] observed a high (C 0.10) correlation coefficient for glycosylated hemoglobin (0.55), SBP (0.24), DBP (0.14) and HDL-C (0.10). Significant correlations for SBP (r = 0.084) and HbA1c (r = 0.152) observed in the present study are in agreement with findings by Kim et al. [13] , but the correlation coefficients are substantially smaller in the present study (Table 5) . Di Castelnuovo et al. [26] made a systematic review followed by meta-analysis, and concluded that the study revealed a statistically significant positive spousal concordance for various factors including diastolic blood pressure (DBP), blood glucose and WC, and that BMI and smoking were the two most strongly correlated factors between In total, 756 couples were subjected to analyses. For abbreviations, see Table 4 . The intercepts (a) and slopes (b) are in the regression equation of Y = a ? bX, where X and Y are the values for husbands and wives, respectively. Partial correlation coefficients are for correlation between husbands and wives, taking three variables of the item for husbands, that for the wives and the average ages of each husband and wife pair a p for correlation coefficients or partial correlation coefficients.
couples. In general, however, the strength appeared to be quite modest across the components studied [26] . The observations in the present study-that several MS components showed significant correlation between husbands and wives (Table 5 ) and that the power was nevertheless modest and weak-are in general agreement with the conclusions of Di Castelnuovo et al. [26] . In addition, relatively close correlation for BMI are common to both Di Castelnuovo et al. [26] and the present study.
MS prevalence in the present study population was 10.6 % for men and 0.9 % for women, and that for MS ? MSRES was 26.4 % for men and 5.4 % for women (Table 3) , when the JMHLW criteria were applied. The prevalence is apparently lower than the values reported by others. For example, the prevalence of MS ? MSRES was 26.4 % for men and women combined among 6 million 40-74 year-old examinees, according to national data compilation by JMHLW [8] . In the studies conducted by nongovernmental research groups, Arai et al. [29] reported an MS prevalence of 12.1 % for men and 1.7 % for women in a field survey with 1,917 and 1,347 women using the JMHLW criteria. With the same criteria, Miyatake et al. [30] observed an even higher prevalence of 26.8 % for 1,245 men and 3.6 % for 1,932 women, and Li et al. [31] also using the JMHLW criteria reported a higher prevalence of 22 % for men and 17 % for women in a rural area. The ages of the populations were various depending on the studies, but they were mostly at middle ages.
In other surveys in East Asia in which NCEP criteria were used, Oh et al. [32] in Korea observed an MS prevalence of 29.0 % for men and 16.8 % for women, and Kim et al. [13] reported an MS prevalence of 25.7 % for men and 25.9 % for women. According to Kim et al. [23] , the prevalence was 24.6 % for men and 28.1 % for women. Xu et al. [33] found that 28.4 and 18.7 % of women surveyed in Shanghai, China, met the NCEP criteria for MS. When evaluated with the NCEP criteria, the MS prevalence was 10.8 and 3.2 % for men and women, respectively, in the present study (Table 3) .
Factors to induce concordance of MS between couples have been discussed by several authors [10, 13, 24, 26] , and include both nutritional intake and physical loads in daily life. With regard to the nutritional intake of the present study population, the general expectation would be that the couples share similar dietary habits. Nevertheless, the plant studied offers canteen service so that husbands may take lunch there on workdays, the lunch being different from that their wives make at home. As for physical load, husbands will spend energy not only on work, but on commuting between their homes and the plant; this is also different from that of the daily life of wives. These factors in daily life may reduce the extent of concordance in MS in the present study.
There are several limitations in the present study. First of all, the population studied was full-time male employees in a large company and their wives, and the conclusion drawn may not be applicable to workers and their families in general. The number of cases studied, 756 couples, may not be large enough. Furthermore, the MS prevalence was low, particularly among wives in the present study population as discussed above. Whereas the low MS prevalence is apparently good for health of the participating population, it was inevitable to use MS ? MSRES data (rather than MS data) to obtain sufficient numbers of cases in making statistical evaluations, especially when statistical analyses were applied.
Overall conclusions are therefore that weak and modest correlations are detectable between spouses for several MS components, including WC, BMI and HbA1c, in these couples in Japan. However, because the available number of cases is limited, the present results should be taken as preliminary, and the conclusion may need to be confirmed by studies with larger numbers of couples.
